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SUBJECT: EFFECT OF CURRENT PULSE DURATION ON THE PULSE RESPONSE 

OF M.T.C. MEMORY CORES 

To: Group 62 and 63 Engineers 

From: P. K. Baltzer 


Date: March 10, 1953 

Abstract: The pulse response of ferrite memory cores, that will 

be used In M.T.C., has been found as a function of 
Current Pulse Duration. It has been found that reduction 
of Current Pulse Duration to 1.5 microseconds is the 
practical limit for best operation. Calculations made 
concerning signal discrimination of memory arrays 
Indicate that discrimination of signals from 64 x 64 
arrays of M.T.C. cores will be marginal—even using 
a Post-Write disturbing pulse when writing ones In 
the memory. 

The "access time" of a computer memory is of utmost 
Importance concerning Its integration Into the computer as a whole. 
The access time of a coincident current memory will be a function 
of the number of necessary current pulses for a given operation, 
the current pulse duration, and unavoidable "red tape" time. An 
Investigation has therefore been made on the effect of current 
pulse duration on the pulse response of the cores that will make 
up the M.T.C. memory. 


When cores are used In a coincident itom-.-rj plane the 
Delta output Is cumulative as noise and thuB Is Increasingly 
Important as the size of a memory plane Is increased. This Is 
shown In E-488 1 where Delta Is also defined. Due to the extremely 
high ratio of the Undisturbed One output to the Delta output (of 
the order of 1000 for long current pulse lengths) considerable 
difficulty has been experienced In measurement of Delta. This 
difficulty Is the effect of the Read-Write output which tends to 
parallze the scope pre-amplifier during measurement of the Delta 
output. The difficulties Just described have been overcome by 
measuring Delta for this Investigation using the circuit shown 
in Figure 1, where groups of cores connected In series are Indi¬ 
cated as a single large core. Standard pulse output response Is 
sensed from Group A. Delta Is measured as the output of Group A, 

B and C which are so connected as to give Delta from Group A and 
B while the Read-Writes from Groups A and B are cancelled by those 
of Group C. The Information obtained from this experiment Is 


1 Engineering Note E-488 Deltsjjg In Ceramic Array ffl by E. A. Gudltz 
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therefore an average for 100 cores. 

The cores tested were a General Ceramic ferrite, body 
MF-1326B - die F-2S1. These cores were taken from Lot ft 4 and had 
already been selected, by the Production Test Group, for M.T.C. 
with a Disturbed One output of 0.11 and 0.1? volts at .57 usee. 

The Current Pulse Duration (7“) is defined as the time 
from 10$ of maximum current on the rise of the pulse to 10$ of 
maximum current on the fall of the pulse. The rise time of the 



current pulse was 0.2 usee, from 10$ to 90$ of maximum current 
and the fall time 0.3 usee, from 90$ to 10$ of maximum current. 

The complete test cycle for a given measurement consisted 
of 40 Read-Write pulses and then 40 Half-Selecting pulses, with 
a P.R.F. of 5,000 cycles. The actual seauence of pulses for each 
particular group of cores Indicated In Figure 1 Is shown..ln 
Figure 2 for each measurement made. 

The Undlsturbed One output has been found as a function 
of ^Current Pulse Duration (see Figure 3). The output Is a maximum 
at = 1.2 us for all driving forces. This can be attributed to 
the fact that, as the current Pulse Duration ('T') Is decreased 
from 4 usee to 1.2 usee, a different hysteresis loop Is traversed 
In the two cases. 

Typical Undisturbed One output pulses end the corre¬ 
sponding Hysteresis Loops are shown In Figure 4 for the same 
driving force (ampere turns), but different values of Current 
Pulse Duration. Output pulse is the result of the core 

being driven by 10 usee, pulses, and "P" Is the result of being 
driven by 1.2 usee, pulses. The output pulsee correspond to the 
following travel on the Hysteresis Loops, for pulse "°( " the core 
Is changed from the state at point 1 to that at point 2, whereas 
for pulse "P" the core Is changed from the state at point 3 to 
that at point 4. The flux change for pulse "p" Is about 85$ of 
that for pulse " as Is found by Integration over the positive 
portion of each. Output pulse Is the result of the core 

being driven by 1.2 usee, pulses before being sensed and then 
read by pulsing the core with a 10 usee, pulse. Pulse "Tf" 
exactly duplicates pulse "P" except as Indicated. The difference 
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In the wpve forms Is of course lndlcptlve of the repson for the 
different hysteresis loops. Insufficient energy Is available 
for short current pulse duration to switch domplns thpt hpve 
higher reslstpnce to chpnge, caused either by the geometry of 
sample or variations within the material Itself. Hence, there 
18 an Increase of the number of domains of reverse magnetization 
present at the remanent point 3 as compared to those present at 
point 1. These additional domains of reverse magnetization at 
point 3 are also In areas thpt were hard to magnetize from the 
point 1. Hence, the total effect of short pulse duration Is not 
only to shorten the pulse output, but also to Increase the Initial 
rate of change of flux to the extent that the maximum for the 
case where | = 1.2 us is greater than that for longer current 
pulse excitation. As the current pulse duration Is further reduced 
of course the core is no longer able to switch and the Undisturb 
Output falls off rapidly. 

Curves of the Disturbed One output are shown as a 
function of Current Pulse Duration In Figure 5. The effectiveness 
of Half-3electing Pulses Is heightened ps the Current Pulse Duration 
18 reduced, since a smaller effective Hysteresis Loop Is Involved. 
For NI ra = 90 pmp turns the half amplitude pulse evidently does 
not greatly exceed the knee of the basic hysteresis loop even for 
the entire range of Current Pulse Duration from 4 usee down to 
1.? usee. Therefore, for the case of NI m = 90 pmp turns the 
Half-Selected output pulse is very short,e8 compared to those for 
the higher driving forces ,at low values of Current Pulse Duration. 
If the number of Half-Selecting Pulses were Increased sufficiently 
the full disturbing effect would be realized even for the higher 
driving forces. Hence, to duplicate this worst situation as far 
as possible the length of the Half-Selecting pulses was kept a 
constant of 20 usees for the measurement of both the D1sturbed 
One and the Disturbed Zero . The effect of the disturb overcame 
the effect discussed concerning the Increase of the Undisturbed 
One at T = 1.2 us for the case of NI m = 90 A-T but for higher 
driving forces even this large number of disturbs (40) end the 
long duration of the Half-Selecting current pulses was not 
sufficient to offset the effect causing the maximum previously 
discussed for the Undisturbed One. 

Since It Is planned to sense the output of a core in 
time, all other measurements of output voltages have been made 
at the time to the maximum value of the Disturbed One Output . 

This time has been found as a function of Current Pulse Duration 
(see Figure 6). There Is a reduction of almost 40# as Current 
Pulse Duration Is reduced from 4 usees, to 1.2 usees. 

The Disturbed Zero Increases greatly for shorter 
Current Pulse Duration (see Figure 7), with r T = 1.5 usees being 
marginal. This is caused by two effects. Firstly, the Disturbed 
Zero Is measured at the time to the maximum of the Disturbed One 
output, which falls off rapidly as T" Is decreased (Figure 6). 
Secondly, the actual magnitude of the output signal also Increases 
since the Half-Selecting pulses become Increasingly more effective 
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In disturbing the state of the core as the actual hysteresis loop 
traversed becomes smaller and smaller. As was mentioned previously 
the length of the Half-Selecting current pulses was kept a constant 
of 20 Usees for measurement of the Disturbed Zero ; thus greptly 
increasing the effective number of Half-Selecting current pulses 
for short values of Current Pulse Duration. 


The Fi rst Half-Selected One , First Half-Selected Zero , 
First Delta and Second Delta output voltages were all measured 
with all current pulses In the test seouence hpvlng the same 
Current Pulse Duration (see Figures 9 to 11). All these voltages 
are defined in E-488, In which their Importance concerning the 
use of cores in p coincident current memory Is also explained. 

All of the above mentioned output voltages increase sharply at 
low values of Current Pulse Duration with T'= 1.5 usees again 
being marginal. The reasons for this are the same as those given 
for the similar increase of the Disturbed Zero for the same values 
of Current Pulse Duration. 

It should be noted that pulse date was also tsken for 
the Current Pulse Duration of LO ps and was found in all cases 
to be identical with data tpken 8t'T"' r 4 us. 


With reference to E-488, the worst output of a core 
containing a One in the memory or containing a Zero is as follows: 


I D - 2N3 ! 1 - ( n-2 )cT 9 
and 

Od - 2NSq^ 4 2 cT 1 4 (n-4)cfg 


n D 
0 D 
N3lf 
NSq 1 

cf 1 
* 2. 

n 


where In = Disturbed One Output 
Disturbed Zero Output 
Flrs1 Half-Selected One 
First Half-Selected Zero 
First Delta 
Second Delta 

Number of coordinate lines in memory plene 
For the epee where a Post-write Half-Selecting pulse is added 
to the writing seouence in p memory the corresponding worst 
conditions become: 


ID 4 2NSo 2 - nef 2 


and 

0 D - 2NS 0 2 -f (n-S)d' 2 

where NSq 2 is the Second Half Selected Zero 

Since neither b NSi* or a NSq^- are now not possible with each 

core in a disturbed state. 
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The Discrimination Ration (Rp) of a memory will be 
defined as follows for the case wlthout a Post-Write Disturb. 

I D - gNS^ - (n-2)jT 

Rd u z - 

0 D - PNSc 1 4 8cfi (n-4)c*2 

and for the case wlth a Po6t-Wrlte Disturb 
I D 4 ?NS 0 ■ - ncfo 
Rj)D s - 

Od - 2NS 0 ? + ( n-2 )cf g 

Rp^ and Rp^ are shown in Figure 1? for s 32 x 3? array 
with NI ra = .950 amp turns and in Figure 13 for a. 64 x 64 array 
with NI ra = .950 amp turns. In general the post-write disturb 
increases Rp by about a factor of 2. For the 64 x 64 array the 
Rp at 1.5 us is Increased from 2 to 3.5 which is still very low 
and Rp does reach a value of 8 until T" = 2.5 us using the Post- 
Write Disturb pulse. Hence the expedient of breaking up a 
64 x 64 plane into 4 - 32 x 32 sensing auadrsnts may become 
necessary if low values of Current Pulse are deemed necessary. 


It should be noted that the pulse response obtained 
in thl6 experiment is an average for ICO cores and as such the 
Discrimination Ratio calculated from these values is also an 
average value. Some distribution is to be expected about the 
mean value, therefore the Discrimination Ratio as calculated 
is optimistic to this extent. 


Signed, 



Approved, 



David R. Brown 
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